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Abstract 
 

The sustainable papaya production management model in Chumphon province 

was modified from papaya grower in Chumphon. The organic and chemical fertilizers, 

watering, weed control and mixed crop farming system were mainly used. Water stress 

for PRSV resistant was also applied from the seedling stress before transplanting and 

continuing in field cultivation.  

The papaya production with mixed crop farming system in both rubber plantation 

and fruit production of the farmers in Chumphon had the same practical. The same 

cultivar “Khak Dum”, soil structure was improved with 7.3-25 kg/season of organic matter. 

Watering was applied only dry season.  The 16-16-16 fertilizer cost 112-150 baht/season. 

The average yield was 35-59 kg/plant. Internal quality of texture, color, maturity was meet 

the qualified of fruit processing factory.  

The sustainable papaya production management model in Chumphon province 

from our work was different from the farmer.  To increased PRSV resistant with water 

stress 1, 2, 3 and 4 days with re-watering for 1-2 months in seedling stage and 

continuing in field cultivation.  PRSV infection plant and 5 pared leafs were strictly 

removed from the cultivation area.  Soil from cultivation area was analyzed and the 

structure was improved with 8.25 kg/season of organic matter. The 16-16-16 fertilizer was 

applied alone before fruiting and switch with 13-13-21 in fruiting stage. Bananas (Musa 

(AA Group) 'Kluai Leb Mu Nang') were planted between row and Musa (AB group) “Klui 

Nam Wa” were planted between each separate field. The results showed that the papaya 

plants with 1, 2, 3 and 4 days with re-watering for 1-2 months in seedling stage and 

continuing in field cultivation treatment had 2.2-8.8 % PRSV infection, 2.2-13.4% root rot 

and 11-37% topple down plant from natural disaster. The yield will produced 3 harvesting 

time per crop and each period took 4 months. Fruit yields were 27-62 fruits and 51-87 kg 

per plant. The cost of production was 122.5 baht per plants. Average of long length fruit 

was 1.6-2.3 kg and round fruit was 1.4-2.9 kg.   The texture was red-orange with 2.4-2.7 

cm of thickness. The 50-75 % of fruit color changing had 0-23 % of postharvest disease.   

Keyword : papaya, sustainable production, Chumphon province
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 25) 

 

 25   
                (PRSV) 
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9 D 85.0 

F-test ns 

cv(%) 22.7 

ns  
   

           1  1   (1D) 

 1  2   (2D) 

 1  3   (3D) 

 1  4   (4D) 

(  3x5    
: :   (1:1:1)  3   ( )  

1     /  (
 3  

 
) 

 1  2    2.5 x 

2.5  48  (2   4 )  2 
  2  8  

 1 2 3  4   1 
 (  26)  1 2 3  4  
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 2   
 8 (  27)  

 

 26   1 2 3  
                 4   1  
 

  (%) 
2  4  8  

1  12.5 27.1 29.2 

2  2.1 29.2 25.0 

3   2.1 18.8 20.0 

4  0 29.2 2.5 

  2  
 

 27   
                  1 2 3  4   2  
 

  (%) 
2  4  8  

1  27.1 29.2 10.4 

2  8.3 29.2 14.6 

3   8.3 18.8 4.2 

4  2.1 10.4 14.6 

 

3.   
 8 

  
  

 
  3 
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1.    
2.    

3.    
4.    

  3   5  

 8  

 

B

C

A

A

B

C

  1 

  3 

  2 

 *  
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4  
 

4.1   
   

2   5  (  28)  0-0-60  15 ./  
    ( )

    
 1  1.5   (  19) 

  
   

   25 
    (

  .  
  1 )   2.5 ./

  
 (  29) 

  
 

 28  

 
   ( )/  

46-0-0  2   5 

46-0-0 1   5 

16-16-16 1.5   5 

16-16-16 2  25 
16-16-16 

8-24-24 
3   

 (4-5  ) 
50 

50 
16-16-16  (5-6 ) –  8  100  
0-0-60  50  
16-16-16  13-13-21   30  200  
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  29  (20 ) 
 

  ( .) 
 2.5 

 (  4 ) 3.6 

 (  10 ) 2.4 

 8.5 
 

 4.2   
 

  

  1 2 3  4    
 (  9)  3  

 1.3 /  (  4   1 )  1) 
 2)  30   

 (   9) 
 (  .  1-2 

)   1 2 3  4 
  4  

  
  

   
  

 30  2555 
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 9   

 

 

 

 

 

 

 

 

 

 

10  ( )  ( ) 
 

 



40 
 

 30   
 

 

 
( ) 

 

( ) 
/

 (mm) (mm) 

 2554 1 5 - - 
 2554 2 14 - - 
 2554 3 13 90 2.9 

 2554 4 11 131 4.2 

 2554 5 13 139 4.6 

 2554 6 8 180 5.8 

 2554 7 4 104 3.4 

 2554 8 4 69 2.2 

 2555 9 3 110 3.5 

 2555 10 6 87 3.1 

 2555 11 4 36 1.2 

 2555 12 7 104 3.5 

 2555 13 10 126 4.1 

 2555 14 12 123 4.1 
 2555 15 15 102 3.3 

 2555 16 8 47 1.5 
 2555 17 14 106 3.5 

 2555 18 8 176 5.7 
 2555 19 13 427 14.2 

 2555 20 10 94 3.0 
   . .- . . 54 

 (  5 )  2555  
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4.3   
  

  

4.3.1  

  (    
.) 1  1  

  1.5 /   
  5 

 
 

4.3.2   
  5  

  
  

    
 (  31)  

 (  : methomyl) 
 

4.3.3     
4.3.3.1   

 4  
     ELISA    (Antibody)  polyclonal 

antibody  PRSV (PRSV-Ab)   
   

 ELSA   

 5  
(  32)     11 

  
  3  18 

 1  
 D   M  
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 5  
 2.3%  1  3  

 1  2.2%  7  8 
  

 2  4  20  
 2.2 – 4.6% (  

33)  2 3  4  
 2  5 7 

11  18   1 
 (  34) 

   12  
 

4.3.3.2   

 1 2 3  4  
 1  2   

 2  3  
 4   1  2 

 6.8% (  35  36) 
    (  13 ) 

   (  13 ) 
    

-   -  (fosethyl-

aluminium)   1 3  7   

 (  : -  + ) 
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 31    /    
                

 

( ) 
 

 
/

 
  

5 -6  . .-
. .  

 

 
 

-
 

  
-

 –

 

-  

-   
   

1)  (amitraz) 

 : amidine  

 : N-methylbis (2,4-

xylylimino-methyl)  

amine….20%W/V EC 

2)  (dicofol) 

 : Organochlorine 

 2,2,2-trichloro-1,1-bis 

(4-chlorophenyl) ethanol.....25% 

W/V EC 

 
 

12-14 . .-
. .  

 
 
 

 

 
 

 

 

  7  2 
 

-   (methomyl) 

 Carbamate 

 S-methyl-N-

(methylcarbamyloxy) 

thioacetamidate...........40%SP 

-  1  
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 31    /    
                ( )
 

 

( ) 
 

 
/

 
  

18 . .-
. .  

 

 
 

 

 

 

 

 

 

 

 

 

 

/
 

 

-
 

  
-

 –

 

 

 

 

 

 

 

 

 
 

 

  

-   
   

1)  (amitraz) 

 : amidine  

 : N-methylbis (2,4-

xylylimino-methyl)  

amine… .20%W/V EC 

2)  (dicofol) 

 : Organochlorine 

 2,2,2-trichloro-1,1-bis (4-

chlorophenyl) ethanol..25% W/V 

EC 

  (methomyl) 

 Carbamate 

 S-methyl-N-

(methylcarbamyloxy) 

thioacetamidate...........40%SP 

-  1  
1-14  

, 
 

 

 
 

/

 

-   

-  :  

 :  3% 

W/W (Cypermethrin) 
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 32     ELISA  
                  no indication  D/N  2  

                      moderate (M)   D/N ratio  2-3   
                  disease (D)   D/N ratio >3  
 

 

 

 4 ( . . 2554)  5 ( . .2554)  18 ( . .2555) 
 D/N 

ratio  
 D/N 

ratio 
 

 D/N 

ratio 
 

Healthy - 0.17 0.01 0.18 0.01 0.085 0.009 

Disease - 0.33 0.09 0.68 0.04 0.43 0.03 

Coating (buffer) - 0.09 0.0 0.09 0.02 0.09 0.003 

 1  

( .1 .1 .1 .6) 

 1.73 - 3.05 D 2.44 M 

 2  

( .1 .10 .1 .6) 

 1.73 - 2.79 M 2.77 M 

 3  

( .2 .10 .2 .6) 

 1.59 - 2.88 M 2.30 M 

 .1 .2 .1 .3 1 D 0.63 - - - 2.27* M 

 .1 .3 .2 .9 1 D 0.56 - - - 2.10 M 

 .1 .4 .1 .3 2D 0.66 - - - 2.33 M 
 .1 .5 .2 .10 2 D 0.58 - - - 2.31* M 

 .1 .6 .1 .3 3 D 0.53 - - - 1.82 - 

 .1 .7 .2 .9 3 D 0.65 - - - 1.78 - 

 .1 .8 .1 .4 4 D 0.85 - - - 2.69 M 
 .1 .9 .2 .10 4 D 0.77 - - - 3.05 D 

 .2 .2 .1 .3 1 D 1.11 - - - 1.82* - 

 .2 .3 .2 .10 1 D 0.97 - - - 2.05* M 

 .2 .4 .1 .3 2D 1.34 - - - 2.59 M 

 .2 .5 .2 .10 2 D 1.16 - - - 1.88  

 .2 .6 .1 .3 3 D 1.11 - - - 2.78 M 

 .2 .7 .2 .10 3 D 1.2 - - - 2.59 M 

 .2 .8 .1 .3 4 D 0.989 - - - 2.81* M 

 .2 .9 .2 .10 4 D 0.89 - - - 1.87 - 

   5   
              *    
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 32     ELISA  
                  no indication  D/N  2  

                      moderate (M)   D/N ratio  2-3   
                  disease (D)   D/N ratio >3   

 

 

 4 ( . . 2554)  5 ( . .2554)  18 ( . .2555) 

 D/N 

ratio 
 

 D/N 

ratio 
 

 D/N 

ratio  

Healthy - 0.17 0.01 0.18 0.01   

Disease - 0.33 0.09 0.68 0.04   

Coating (buffer) - 0.09 0.0 0.09 0.02   

 - 1.52 - - - - - 

 - 0.81 - - - - - 

 
 11  

(Richardia brasilliensis 

Gomez) 

- 1.05 - - - 2.69 M 

 

 33    
                 1 2 3  4   1   
 

 

 

 (%) 

4 

( . .) 
5 

( . .) 
6 

( . .) 
7 

( . .) 
8 

( . .) 
9 

( . .) 
10 

( . .) 
11 

( . .) 
12 

( . .) 
13 

( . .) 
14 

( . .) 
15 

( . .) 
16 

( . .) 
17 

( . .) 
18 

( . .) 
19 

( . .) 
20 

( . .) 
 

1 d 0 0 0 0 2.2 0 0 0 0 0 0 0 0 0 0 0 0 2.2 

2 d 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 d 0 0 0 2.2 2.2 0 0 0 0 0 0 0 0 0 0 0 0 4.4 

4 d 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

0 2.3 0 0 0 0 0 0 0 0 0 0 0 0 0 2.3 0 4.6 

 



47 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.    
2.    

3.    
4.    

  3   

 12  

 

A

B

C

  1 

  3 

  2 

3

C

1

A

B

2

4

*     
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 34    
                  1 2 3  4   2   
 

 

 

 (%) 

4 

( . .) 
5 

( . .) 
6 

( . .) 
7 

( . .) 
8 

( . .) 
9 

( . .) 
10 

( . .) 
11 

( . .) 
12 

( . .) 
13 

( . .) 
14 

( . .) 
15 

( . .) 
16 

( . .) 
17 

( . .) 
18 

( . .) 
19 

( . .) 
20 

( . .) 
 

1 d 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 d 0 0 0 2.2 0 0 0 2.2 0 0 0 0 0 0 0 0 0 4.4 

3 d 0 4.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.7 

4 d 0 4.4 0 0 0 0 0 2.2 0 0 0 0 0 0 2.2 0 0 8.8 

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

 35    
                 1 2 3  4   1   
 

 

 

 (%) 

4 

( . .) 
5 

( . .) 
6 

( . .) 
7 

( . .) 
8 

( . .) 
9 

( . .) 
10 

( . .) 
11 

( . .) 
12 

( . .) 
13 

( . .) 
14 

( . .) 
15 

( . .) 
16 

( . .) 
17 

( . .) 
18 

( . .) 
19 

( . .) 
20 

( . .) 
 

1 d 0 0 0 0 0 0 0 2.2 0 0 0 0 0 0 0 0 0 2.2 

2 d 0 0 0 0 0 0 0 0 0 0 6.7 6.7 0 0 0 0 0 13.4 

3 d 0 0 0 0 0 0 0 0 6.5 2.2 0 0 0 0 0 0 0 8.7 

4 d 0 0 0 0 2.2 0 0 2.2 0 2.2 0 0 0 0 0 0 0 6.6 

 

0 0 0 0 2.3 0 0 0 0 0 0 0 0 0 0 0 0 2.3 

 

 36    
                 1 2 3  4   2   
 

 

 

 (%) 

4 

( . .) 
5 

( . .) 
6 

( . .) 
7 

( . .) 
8 

( . .) 
9 

( . .) 
10 

( . .) 
11 

( . .) 
12 

( . .) 
13 

( . .) 
14 

( . .) 
15 

( . .) 
16 

( . .) 
17 

( . .) 
18 

( . .) 
19 

( . .) 
20 

( . .) 
 

1 d 0 0 0 0 2.2 0 0 0 0 4.4 0 0 0 0 2.2 0 2.2 11.1 

2 d 0 0 0 0 0 0 0 0 0 0 2.2 2.2 0 0 0 2.2 0 6.7 

3 d 0 4.8 0 0 0 0 0 2.3 7.0 4.7 0 0 0 0 0 0 0 14.0 

4 d 0 4.9 0 0 0 2.2 0 2.2 0 2.2 0 0 0 0 0 0 0 6.7 

 

0 0 0 0 0 0 0 2.1 0 0 0 0 0 0 0 2.1 2.1 6.4 
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 13     
              ( )  ( ) 
 

4.3.3.3    

  
 4 

 (  37  38)  
 20  3 

    1 2 3 
 4   1  2  

   15-35  
(  39) 
  

 37  /  
 1 2 3  4   1   

 

 

 

 (%) 

4 

( . .) 
5 

( . .) 
6 

( . .) 
7 

( . .) 
8 

( . .) 
9 

( . .) 
10 

( . .) 
11 

( . .) 
12 

( . .) 
13 

( . .) 
14 

( . .) 
15 

( . .) 
16 

( . .) 
17 

( . .) 
18 

( . .) 
19 

( . .) 
20 

( . .) 
 

1 d 0 0 0 0 0 0 0 0 2.2 0 0 4.3 0 0 15.2 10.9 0 32.6 

2 d 0 0 0 0 0 0 0 4.4 0 0 0 2.2 2.2 4.4 13.3 2.2 0 28.9 

3 d 0 0 0 0 0 0 0 2.2 2.2 0 0 0 0 0 8.7 6.5 4.3 23.9 

4 d 0 0 0 0 0 6.7 0 2.2 0 0 0 4.4 2.2 0 13.3 6.7 2.2 37.8 

 

0 0 0 0 0 0 0 0 0 0 0 2.3 0 0 7.0 9.3 0 18.6 
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 38  /  ( ) 
 1 2 3  4   2   

 

 

 (%) 

4 

( . .) 
5 

( . .) 
6 

( . .) 
7 

( . .) 
8 

( . .) 
9 

( . .) 
10 

( . .) 
11 

( . .) 
12 

( . .) 
13 

( . .) 
14 

( . .) 
15 

( . .) 
16 

( . .) 
17 

( . .) 
18 

( . .) 
19 

( . .) 
20 

( . .) 
 

1 d 0 0 0 0 4.4 0 0 4.4 0 2.2 2.2 0 4.4 0 4.4 0 0 24.4 

2 d 2.2 0 0 0 0 0 0 4.4 0 0 0 0 0 2.2 0 0 2.2 11.0 

3 d 0 0 0 0 0 4.7 0 0 4.7 0 0 0 0 14.0 4.7 4.7 0 32.6 

4 d 0 0 0 0 0 2.2 0 0 2.2 0 0 0 0 0 2.2 4.4 0 11.0 

 

0 0 0 0 0 0 0 0 0 2.1 0 0 0 0 12.8 0 2.1 17.0 

 

 39  20  ( ) 
 1 2 3  4   1  2  

 

 
  1   2  

 (%)  (%) 
1D 17.6 30.3 

2D 21.5 15.5 

3D 16.0 35.1 

4D 15.5 22.5 

F-test ns ns 

ns   DMRT  95% 
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4.4.   
 4.4.1  

 14  
1)    ( 14 )  

25   20-25  
2)   (  14 )   

20   20-25  
3)    (  14 )  

  
4)   

 

 

  14    
 

4.4.2   
 2  

1)  2.5    
1   250   

 2554  
2)  500  
 0.5   100   

 2554  

3)  800   
 10    

 3   2554 
 (

) 
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 14   
 

5.  

  
 1 2 3  4  

 1   2  
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 1 2 3  4    20 
 1 2 3  4    20 

 3.5-4.5  (  15   )  1  1 
 5  

 

 
 1 2 3  4  

 1   2  
 1 2 3  4   10  

(  15 )  1 2 3  4   2   
 1  2 

   10-20  
 4  2  (  15 ) 

 

 
 3   1 

  2   1 2 
 4   1  

 2 
 (  40) 

 
 (%) 

 3  4   
1   3  4   
100%  6  7    

 1 2  3   2  
 1 2  3   100% 

 8  (  41)  
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 15  ( )  ( )  
              1 2 3  4   1   
              ( )  ( )  
              

 40  ( ) 
 1 2 3  4   1  2   

 

 

 ( ) 

 1   2  
1 d 116.3 123.0 

2 d 108.0 125.3 

3 d 99.2 111.1 

4 d 108.7 128.9 

 

 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 2 4 6 8 10 12 14 16 18 20

 (
.)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 2 4 6 8 10 12 14 16 18 20

 (
.)

 

1 2 3 4 

 

0
2
4
6
8

10
12
14
16
18

0 2 4 6 8 10 12 14 16 18 20

 (
.)

 ( )

 

0
2
4
6
8

10
12
14
16
18

0 2 4 6 8 10 12 14 16 18 20

 (
.)

 ( )
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 41   
 1 2 3  4   1  2   

 

 

 (%) 
 1   

 ( ) 
 2  

 ( ) 
4 5 6 7 81 4 5 6 7 82 

1 d 47.1 64.9 73.9 82.6 89.1 21.4 78.6 87.0 88.9 100 

2 d 40.0 51.4 77.8 89.1 93.5 41.5 87.8 86.7 93.3 100 

3 d 34.2 43.2 100 - - 33.3 64.3 90.0 93.3 100 

4 d 21.1 40.5 86.4 100 - 48.8 90.2 86.7 89.1 97.8
 

6  
 

    
  1 2 3  4   1  2 

    
 1 2 3  4   2   

 1 2  3 
 1 2 3  4   1  

 2  1  2  
   51 . 

 87 . (  42  43)   
 

  122.55  
 53.12   69.43  

 
 (  44) 
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 42    
 1 2 3  4   1   

 
 

 

 1  2  3  
 

 
( ) 

 
/

 

( ) 

. 

/
 

( .) 

 
( ) 

 
/

  

( ) 

. 

/
 

( .) 

 
( ) 

 
/

  

( ) 

. 

/
 

( .) 

1 D 17 9.1 16.1 13 8.9 17.7 14 12.6 17.5 30.6 51.3 
2 D 17 9.9 21.3 13 10.6 19.8 14 16.1 24.0 36.6 65.1 
3 D 17 8.0 17.5 13 9.5 18.1 14 10.2 18.0 27.7 53.6 
4 D 17 9.1 19.3 13 10.9 20.7 14 13.1 20.3 33.1 60.3 
 

 43    
 1 2 3  4   2   

 
 

 

 1  2  3  
 

 
( ) 

 
/

 

( ) 

. 

/
 

( .) 

 
( ) 

 
/

  

(  

. 

/
 

( .) 

 
( ) 

 
/

  

( ) 

. 

/
 

( .) 

1 D 17 13.9 27.6 13 17.1 31.5 14 17.6 27.4 48.6 86.5 
2 D 17 18.8 35.6 13 17.2 25.3 14 18.2 26.3 62.3 87.2 
3 D 17 14.1 28.3 13 15.1 26.5 14 19.9 27.6 49.1 82.4 
4 D 17 16.9 32.5 13 15.3 27.2 14 16.1 25.6 48.3 85.3 
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 44    ( ) 

  

 
 

   +

 

  

 
 

480 
 

7.36 - 2.78 33.14 17.56 14.03 - 53.12 

 - - - 13.61 44.7 53.34 30.50 69.43 

  

 
  

 

    50  75% 
 1 2 3 

 4   1   50  75%  1 2  3   2 
       

 5      
    7-9   2.4  

 50%  75%  
 9.7-11.7 (  45  47)    

1   3  50%  2  
 1 2  3 

(  46  48)  
 

1 2 3  4   2   50  75%  1 2  3  
   

 1 2 3  4   1   
 2   (  53 

 55) 
 (  54  56) 

 1 2 3  4   1  2   50  75%  1  2 (  
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49-52  57-60)  3       
   3   

     7-9   2.4 
  50%  75% 

 7.9  12.1    
 2  1  50  75%  50% 

    
 1   75%  1 

     
(  50  52)  2 

   3 
 

 
 16    
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 50
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Responses of Papaya Seedlings (Carica papaya L.) to Water Stress  
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Abstract: 
The responses of papaya (Carica papaya L.) cv. Khak Dam seedlings to 

water stress were investigated. Water stress was imposed by 1, 3, 5, 7, and 9 days of 
non–watering and subsequent re–watering during a period of 60 days after 
transplanting in glasshouse condition. The survival percentage, growth data; stem 
height, stem diameter, canopy width, leaf area, root length, leaf number and dry 
weight were measured. Growth analysis; dry weight percentage, relative growth 
rate (RGR), net assimilation rate (NAR), specific leaf area (SLA) and root/shoot 
ratio (R/S) were analyzed. The results found that the 9 days treatment had lowest 
survival percentage at 33.3 percent. The water stress at 3 to 9 days reduced stem 
height, stem diameter, canopy width, leaf area while it was not found in 1 day 
treatment. The root length, and stem dry weight percentages were not different 
when compared among treatments. RGR, NAR and R/S ratio did not change due to 
water stress. Growth of roots and leaves were enhanced in water stress as they had 
more root and leaf dry weight percentage.  

INTRODUCTION 
During their growth, crop plants usually exposed to different environmental 

stress which limits growth and productivity (Shao et al., 2008). Drought stress is one of 
the most frequent abiotic stresses in agriculture worldwide (Mafaheri et al., 2010). Water 
stress negatively affects many plant processes, such as photosynthesis, transportation, 
stomatal conductance and metabolite accumulation (Ohashi et al., 2006). Plant response 
to water stress includes morphological and biochemical changes, resulting in acclimation 
and damage and loss of plant part in severe cases (Chaves et al., 2002).   

Papaya (Carica papaya) is considered one of the most economically important 
and nutritious fruits, being a rich source of antioxidant nutrients such as carotenes, 
vitamin C and flavonoids. It is one of the major fruit crops in Southeast Asia and 
important traditional part of the household diet of families in countries like Indonesia, 
Malaysia, the Philippines, Thailand, and Vietnam. Papaya crops suffer from several 
diseases and pests, the most ubiquitous and widespread of which is papaya ringspot virus 
(PRSV). This virus affects production and productivity in every region of the world by 
decreasing photosynthetic capacity of the plants, which subsequently display stunted 
growth, deformed and inedible fruit, and eventually, plant mortality. When plants are 
infected at the seedling stage or within two months after planting, the trees will not 
produce mature fruit. If trees are infected at a later stage, fruit production is reduced and 
of poor quality because of ringspots on the fruit and a decrease in sugar concentration 
(Gonsalves, 1998). A common knowledge that most diseases appear and develop best 
during wet, warm day and nights and that plants fertilized heavily with nitrogen   Plant 
disease resistance derives both from pre-formed defenses and from infection-induced 
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responses mediated by the plant immune system (Agrios, 2005). Moreover, Siripanich 
(2006) said that some plant growth well in limited factors such as water, fertilizer, and 
environmental because they have healthy cell and may be accumulation secondary 
metabolite for defense diseases and insect. Papaya plants are considered to be relatively 
resistant to drought, although to achieve optimum growth or yield, sufficient water for 
irrigation is required. Several studies showed that leaf relative water content and xylem 
pressure potential were unaffected by drought and classified papaya as a species that 
responds to drought primarily via dehydration postponement (Mahouachi et al. 2006) 

In Thailand, papaya growers had serious problem from PRSV infection that 
affect growth and productivity Siripanich (2008). A technique for induce the plant 
resistance system by water stress was set up. This study was undertaken to determine the 
response of water stress on papaya seedlings growth. 

MATERIALS AND METHODS 

Plant materials and seedlings growing conditions 
Papaya (Carica papaya L.) cv. Khak Dam fruit were selected from a papaya 

grower in Chumphon Province, Thailand. Papaya seeds were washed and the gelatinous 
covering removed. Seeds were soaked in water overnight then sown, 1 seedling in 
15x22.5 cm plastic bag containing 3.5 kg media mixture; sand: coconut coir dust: rice 
husk (1:1:1). The containers were maintained in glasshouse at King Mongkut’s Institute 
of Technology Ladkrabang (KMITL), Chumphon Campus, Chumphon Province, 
Thailand. The papaya seedling was watered with 500 ml water per time. The other 
management such as fertilization was done as same as normal plant management. The 5 
gram of formula ratio 15:15:15 fertilizer was applied to one papaya seedling per month. 
Seedlings were used as stock plants for experiment when they are 3 to 5 leaf stage. 

Treatments and measurements 
The 5 treatments consisted of water stress with 1, 3, 5, 7 and 9 days non–

watering and re–watering subsequent day during 60 days after transplanting in 
glasshouse condition. The survival percentages were documented and plant growth 
parameters, such as stem height, stem diameter, canopy width, leaf area, leave number 
were also measured.  

Leaf, stem, and root dry weight were measured using electronic digital balance 
(OHAUS, PIONEER PA4102®), after drying to a constant weight in the oven for 72 
hours at 60 C. Leaf  area was measured by using Leaf Area Meter (Li-COR® Model Li-
3100 AREA METER). Growth in term of total plant, root, stem, and leaf dry weight and 
growth indices, such as net assimilation rate (NAR) = ((Wf-Wi)/(Af-Ai)) x ln ((Af/Ai)/(t2-
t1)), where Wi, Wf are the initial and final weight and Ai, Af are the initial and final leaf 
area, root : shoot ratio (R/S) = shoot dry weight/root dry weight, relative growth rate 
(RGR) = (lnW2 – lnW1) / (t2 – t1), where W1 and W2 are plant dry weights at 
times t1 and t2, specific leaf area (SLA) = leaf area per plant/leaf weight per plant (cm2g-

1), were calculated. For each of the above parameters, 5 replications were used. 

Experimental design and statistic analysis 
Experiments followed a completely randomize design (CRD). Analysis of 

variance (ANOVA) was performed with General Linear Model procedure and mean 
separation with Duncan’s multiple range test. Significance was recorded at p<0.05. 
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RESULTS AND DISCUSSION 
Severe water stress may disturbance of metabolism and finally leads to death of 

plant. Imposition of simulated water stress reduced the survival rate (Aslam et al, 2006). 
Table 1 shown papaya seedlings had the lowest of survival percentage in 9 day non-
watering treatment at 33.3 percent with highly significant difference among the other 
water-stress treatments. Among water stress less than 9 days treatments, they were 
significant in survival percentage.  

Water stress is known to decrease leaf growth and size, increase the rate of leaf 
death, reduced plant height, plant top and also roots dry weights in several crop species 
(Shao et al. 2008). From 10 – 60 days, all treatment had increase in leaf number. After 
50 days, the seedlings 5 days treatments remain constant on leaf number (Fig. 1A). 
During water deficit, plant growth is arrested, leaf abscission is induced. (Mahouachi et 
al., 2006). Leaf area is significantly larger in 1 day treatment (Table 1). There was not a 
substantial difference at day 0 to 30 days in all water stress treatments. At 40 days, the 
leaf area of all water stress treatment sharply increased, however, the increased in leaf 
area of 9 days water stress was lower than the other treatment at 60 days (Fig.1B, 
Table1). Similar with results of Emam et al. (2010) who reported that leaf area of 
common beans was reduced when the plants exposed to drought stress during vegetative 
growth stage. Nielsen and Nelson (1998) also observed significant leaf area reduction in 
black bean. Loss of leaf area which could be resulted from reduced size of young leaves 
and inhibition of the expansion of developing foliage is also considered as an adaptation 
mechanism to moisture deficit. From our experimental, the 5, 7 and 9 days water 
stressed papaya seedling had narrow canopy width than 1 and 3 days water stress 
treatment (Table1, Fig. 1C). Plant height and enlargement was affected significantly by 
water stress (Shao et al., 2008). Water stress had effect on height of seedlings at day 50 
and clearly significant difference at day 60. The 7 and 9 days of non-water and re-
watering treatments had the lowest height of seedlings while 1 day treatment had the 
highest stem height (Table1, Fig. 1D). Stem diameter as not significant up to 30 days in 
all treatments but it was increased after 40 days (Table 1, Fig.1E). The result was similar 
report of Sangtarash et al. (2009) they found that water stress decreased stem diameter  
and  plant height in canola (Brassica napus) seedlings. For the report of Blum and 
Sullivan (1997) and Blum et al. (1997), they reported that drought tolerance in quinoa 
was enhanced by a decrease in growth rate and plant size. In figure 1F, we found that 
root length in all water stress treatment decrease during 0-10 day of transplanting but 
after 40 days the length of root in 1, 3 and 5 day-water stress treatment were more than 
in 7 and 9 day treatments. However, in the experiment we found that root length of 
papaya seeding in the water-stress treatments was not significant difference at 60 days 
(Table 1). Mahouachi et al. (2006) reported that the ability of papaya plants to improve 
drought tolerance is not mediated through the reduction of leaf abscission or the 
detention of growth. In contrast, under water stress conditions these plants appear to 
posses a certain capacity to increase ion content which might contribute to osmotic 
adjustment.  

A common adverse effect of water stress on crop plants is the reduction in Fresh 
and dry biomass production (Shao et al. 2008) as showed on percentage of total plant dry 
weight. Leaves and stem dry weight of the other treatments were not significant 
difference from 7 and 9 d non-watering treatment. Therefore the 7 and 9 d non-watering 
total dry weight showed more weight than other treatments. However, at 60 day total dry 
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weight were not significant different in all treatments (Table 2, Fig. 2 A, B, C, and D). 
Water stress treatment increased the fraction of dry matter partitioned to the root and leaf 
of papaya seedling (Table 2). Water stressed canola plants had significantly higher root 
dry matter than the well-watered plants (Sangtarash et al. 2009).  Root dry weight 
percentage of 7 and 9 days of non-watering increased continuously from day 0 to 30 
days and declined from day 40. However, Newman (1969) reported that root weight is 
less important than root surface area because most absorption occur through fine roots, 
which contribute little to dry weight. The unchanged root to shoot dry weight ratio (R/S 
ratio) of all water stress treatment were found in the present result. In contrast, Kirnak et 
al. (2001) reported that water stress increased the ratio of root to shoot dry weight of 
eggplant (Solonum melongena L.cv. Teorem F1), they suggested that above-ground 
growth is affected by water stress than below-ground growth.    

In the present study, decreasing SLA was found in 5, 7, and 9 day treatments 
(Table 2). Similar result with the results of Khalil and Grace (1992) and Nielsen and 
Nelson (1998) who found that water deficit reduced SLA. NAR and RGR of papaya 
seedling after water stress treatment were not significant difference (Table 2).  
Allocation of biomass to the leave and the ratio of leaf area to leaf weight (SLA) are 
major determinant of variation in growth rate (Poorte et al. 1990). Most leaves weight 
means more photosynthetic tissue and consequently a higher growth capacity.  

CONCLUSION 
From the result of these experiments, it can be concluded that water stress 

significantly decreased survival percentage, leaf area, stem height, stem diameter, 
canopy width but increase root and leaf dry weight of papaya seedlings. Water stress had 
no affect to NAR and RGR of papaya seedling. However, SLA was sensitive to water 
stress.
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Tables 

Table 1. Survival percentage, leaf area, stem height, stem diameter, canopy width, and 
root
               length of papaya seedlings. Treatments were non-watering and re-watering of 
1, 3,  
               5, 7, and 9 days during 60 days. 

Non-watering 
treatments 

(day) 

Survival1

(%) 
Leaf
area1

(cm2)

Stem 
height1

(cm) 

Stem 
diameter1

(cm) 

Canopy 
width1

(cm) 

Root
length1

(cm) 

1 86.7 a 1311.4 a 49.5 a 1.4 a 51.7 a 27.8
3 73.4 a 863.5 b 37.3 b 1.2 ab 39.7 b 26.6 
5 86.7 a 590.0 c 30.3 bc 1.1 b 33.4 bc 25.8 
7 86.7 a 443.2 cd 22.84 cd 1.0 bc 28.5 cd 24.9 
9 33.3 b 236.0 d 21.0 d 0.8 c 24.5 d 22.6 
F-test ** ** ** ** ** ns 
CV (%) 32.0 24.4 17.8 18.7 14.5 21.8
1 Within the same column mean values followed by the same letter are not significantly  
    different at the 0.5% level (Duncan’s Multiple Range test, DMRT) 

Table 2. Total plant dry weight, root dry weight, leaf dry weight, root/shoot ratio (R/S),  
specific leaf area (SLA), net assimilation rate (NAR) and relative growth rate (RGR) 
of  

      papaya seedlings Treatments were non-watering and re-watering of 1, 3, 5, 7, and 9  
      days during 60 days. 

Non-
watering 

treatments 
(day)

Total 
plant1

DW
(%) 

Root1

DW
(%) 

Stem1

DW 
(%)

Leaf1

DW 
(%) 

R/S1 SLA1

(cm2 g-1)
NAR1

(g cm-2m-1)
RGR1

(g g-1 m-1)

1  8.05 1.9 c 3.4 2.8 b 0.31 474.5 a 0.021 1.7 

3  8.54  2.1 
bc

3.3   3.1 ab 0.34 439.5 
ab 

0.018 1.5 

5  9.59  2.4 
ab 

3.7 3.5 a 0.33 413.2 
bc

0.017 1.3 

7  9.52 2.8 a 3.3 3.5 a 0.41 365.4 c 0.014 1.2 
9  9.67 2.8 a 3.6   3.3 ab 0.42 408.5 

bc
0.021 1.3 

F-test ns ** ns * ns * ns ns 
CV (%) 12.7 13.5 26.4 10.9 19.5 7.8 42.1 20.4
1 Within the same column mean values followed by the same letter are not significantly  
    different at the 0.5% level (Duncan’s Multiple Range test, DMRT) 
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Figures  

Figure 1. leaf number (A), leaf area (B), stem diameter (C), stem  height (D), canopy 
width (E), and root length (F) of papaya seedlings. Treatments were non-watering and 
re-watering of 1 days (   ), 3 days (   ), 5 days (   ), 7 days (   ), and 9 days (   ) during 
60 days. Each value is the means of at least five measurements ±SE  
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Figure 2. Dry weight of whole plant (A), leaf (B), stem (C), and root (D) of papaya 
seedlings Treatments were non-watering and re-watering of 1 days (   ), 3 days (    ), 5 
days (    ),7 days (   ), and 9 days (   ) during 60 days. Each value is the means of at least 
five measurements ±SE. 
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Comment
Title: clear and suitable 
Abstract:  

1. Change cv. “Khak Dam” to  cv. Khak Dam (all of content) 
Answer : Yes, I changed cv. “Khak Dam” to  cv. Khak Dam all of content. 

2. Check grammar for the yellow highlights. Line 6 of the abstract content 
mentioned that SLA was analyzed but there was no SLA result. 
Answer: SLA result was showed in Table 2 and described in result and 
discussion.   

Introduction:  
1. Check the content on the first paragraph (yellow highlight) 
2. Answer : I deleted this senescence. 

Answer : I deleted “in severe cases “. 
3. Paragraph 3 of the introduction, reference is needed to support the statement …. 

papaya growers had serious problem from water deficit that affect growth, 
productivity and also lead to PRSV infection.  
Answer : I deleted this senescence that was not related in this paper. 

4. The last sentence on paragraph 3 of the introduction… particular strategy for 
acclimated seedlings for furthur field  performance and PRSV resistant.  …There 
was no result or discussion about this matter! 
Answer: I delete the sentence that was not related in this paper.  

Materials and Methods: 
1. Plant materials and seedlings growing conditions: Should indicate the size of 

the container (volume).  This related to soil volume and how fast the water stress 
developed after drying down.
Answer: the container was a 15x22.5 cm (6x9 inch) black plastic bag that use for 
planting. The media was mixed with sand, coconut coir dust and rice husk in 
ratio 1:1:1. One container was 3.5 kg of mixture media. I did not observed how 
fast the water stress developed after drying down but 500 ml water was exactly 
volume for make an optimum moisture media mixture. It was not exceed water 
from the media mixture. However, I observed that the upper media of 3 5 7 and 9 
days treatment were dry on next watering.

2. From the statement… Watering the papaya seedlings regularly 500 ml for 1 
times a day with fertilizer (15:15:15)… it is not clear whether the 15-15-15 
fertilizer was applied separately or with watering. 
Answer: 15-15-15 fertilizer was applied separately watering.  

3. Treatments and measurements: Is there a control treatment (ie. No water 
stress)?
Answer : No, no water stress treatment was not set up in this experiment. 

4. Explain about abbreviation in the formulae: Net assimilation rate (NAR) = ((Wf-
Wi)/(Af-Ai)) x ln ((Af/Ai)/(t2-t1)) 
Answer: The abbreviation of NAR formulae was explained on 6 line of treatment 
and measurements. 

5. Root length was shown on Table1 and Fig.1. How was it measured? Was it a 
total root length or length of the longest root? 
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Answer: Root length was measured the longest root. 
6. How was dry weight percentage calculated?  

% dry weight =  (dry weight x 100)/fresh weight 
Results and Discussion: 

1. Check grammar of the yellow highlights. 
2. Paragraph 3:  Leaf dry weight percentage increased significantly by increased the 

water stress periods (Table 1).  Should it be Table 2? 
Answer : Yes, leaf dry weight percentage was show on table 2. 

3. Leaf area ratio (LAR) was mentioned in the very last paragraphs of the results 
but there was no LAR data on table 2. 
Answer: LAR was not calculated and I deleted every sentence that mentioned to 
LAR.   

4. The statement . The significantly higher SLA and LAR in the well-watered 
plants (Table 2) …..  There was no LAR data and there was no data of well-
watered plants 
Answer : Yes, there was no LAR data. The well –watered plant is mean 1 day 
treatment. I deleted LAR data and changed the well-watered plant to be 1 day 
treatment. 

5. There was no mention about R:S, RGR and NAR in the results at all!   
Answer: I added the result of R:S , RGR and NAR in the result and discussion. 

6. Table 2: How to interpret negative values of RGR and NAR?  Negative CV? 
Answer: The value of RGR and NAR were checked and I make a new one of 
NAR and RGR.  

7. Table 2: Add unit for SLA, NAR, RGR 
Answer: The unit of SLA, NAR and RGR were added in table2.  

8. Table 2: There was a confusing point on dry weight percentage of the total plant, 
root, shoot and leaf. How was it calculated?  Can it be simply presented as the 
actual dry weight in gram?  In term of dry mass partitioning, the summation of 
root, stem and leaf dry weight percentages should be 100% = total plant dry 
weight percentage.  May be I do not understand its calculation. 
Answer: % dry weight total plant = (dry weight of whole plant x100)/fresh 
weight of whole plant 
% dry weight root = (dry weight root x100)/fresh weight root 
% dry weight stem = (dry weight stem x100)/fresh weight stem 
% dry weight leaf = (dry weight leaf x100)/fresh weight leaf 
I did not calculate the dry mass partitioning because I did not take the whole 
plant fresh weight at the formulae of root, stem, and leaf dry weight as showed 
on the upper paragraph. For the actual dry weight in gram, I did not add it on the 
table because I think I would like to present the analysis data. From your 
suggestion, I calculated the % root, stem, and leaf in the term of dry mass 
partitioning as showed on Table 2. 

9. The discussion did not clearly link the results to the acclimation of seedlings to 
drought conditions prior to field transplanting as indicated in the objective. 
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Answer: I edited the  result and discussion and make a new objective because the 
experiments did not show the result of field transplanting.  

10.  Titles of Tables and Graphs highlighted in yellow need revision for clarity. 
Answer:  Titles and tables and graphs were edited.  

11.  Identify the bars in Figure (SD or SE ?) 
Answer: The bars in figure were SE. 

Conclusion: 
1. I do not understand the point of the first sentence!  

Answer: It is not related to conclusion so that I deleted it. 
2. Check grammar for the yellow highlights. 

Answer. Yes.  
References: 
 Check for uniformity of journal names (full name or in abbreviation).  
 Answer : I changed some journal name from full name to abbreviation name. 

The article will need major revision before being accepted for publication. 
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